The Quadratic Assignment Problem (QAP) has important application areas, for example, facility layout (Dickey and Hopkins, 1972) and electronic component placement (Rabak and Sichman, 2003) . The NP-hard problem already becomes difficult and time consuming to solve satisfactorily for small applications. It is therefore of interest to investigate how well standard MINLP methods can provide good solutions within a reasonable time, even though global optimality can not be guaranteed. In this study we focus on solving a subset of 50 problems in the QAP library (Burkard et al., 1997) . We use a standard Mixed-Integer NonLinear Programming (MINLP) formulation modelled in the General Algebraic Modeling System (GAMS) (Rosenthal, 2010) . The solution quality and solution time is evaluated for the solvers AlphaECP, Bonmin, DICOPT and SBB. We compare the solvers when a 1 hour time limit per problem is used, where the solvers are started from 3 random start points, i.e. initial variable levels. Furthermore, we investigate how well the most promising solver DICOPT performs when started from 50 random start points for 22 problems for which the global optimal solution is known.
INTRODUCTION
The Quadratic Assignment Problem is a general model formulation and has been applied to many different application areas, of which the following could be mentioned: assignments of buildings in a University Campus (Dickey and Hopkins, 1972) ; locating hospital departments (Elshafei, 1977) ; zoning forest for different uses (Bos, 1993) ; electronic component placement on a printed circuit card (Rabak and Sichman, 2003) and computer motherboard design (Miranda et. al., 2005) .
Originally the QAP formulation was introduced for the facility layout problem where facilities are placed in locations. The objective is to minimize the sum of the products of flows and distances between the facilities. Let define the distances between locations and and let define the material flows between the facilities and , i.e. two × constant matrices. Let be the decision variable that facility is placed at location . The QAP problem was first presented by Koopmans and Beckmann (1957) in the following form:
∈ 0,1 , , = 1, … ,
The bilinear objective function (1) results in a nonconvex formulation, hence optimality can not be guaranteed with convex optimization techniques. Therefore the QAP problem is often reformulated in convex or linear form, having the disadvantage that the number of variables and constraints will increase substantially. Exact algorithms based on reformulation and convexification guarantee global optimality but problems with the size ≥ 30 are already very difficult to solve to proven optimality (Çela, 1998 
SETUP
The basic QAP formulation in (1-3) is modelled in GAMS 23.6.2 and all solvers are used with default parameter settings. We use here the following abbreviations: ECP for AlphaECP, BON for Bonmin and DOP for DICOPT. 50 problems from the QAP library are solved: retrieved March 22nd, 2011, from http://www.seas.upenn.edu/qaplib/. The problems are selected from the QAP library (Hahn and Anjos, 2002) with the following criteria: 30 ≤ ≤ 90, where is the size of the square matrices ( × ). Thus, the selected set contains problems that are very difficult to solve to proven optimality with exact algorithms. Two problems, lipa90a and lipa90b, with = 90 are, however, not included in the comparison because all solvers stopped within 4 minutes because of a system or memory limitation. In the first test the solvers are set to solve 50 problems with a 1 hour time limit per problem per starting point, hence the total solution time may raise to 3 hours when the solvers are started from 3 random points. The second test batch consists of the 22 problems from the first set, which are the problems where the global optimal solution is known. In this test DICOPT is called with a 1 hour time limit per problem per start point from 50 random points. The test computer is an Intel core i7 with 4 cores of 2,8GHz and 6GB of memory. Table 1 shows how well, in general, the four solvers solved the problems. Table item "Avg. % from best solution" describes the average (avg.) deviation in percentage from the best solutions known reported in the QAPLIB (Hahn and Anjos, 2002) , for the 13 problems where all the solvers found a solution. Table item "Number of best solutions" denotes for how many problems a solver found a better solution than the other three solvers. Note that SBB found a better solution than the three other solvers for 26 problems, but could not find any solution for 8 problems. Furthermore, it is worth noting the exceptionally short solution time for DICOPT to find good solutions. In Table 2 the problem size is included in the name. The table reveals, for each solver, the best solution when the solver is started from the 3 starting points. The star in Table 2 indicates that the best known solution is a global optimal one. None of the solvers are able to find exceptionally good solutions compared to the other solvers. Table 3 reveals the improvement for DICOPT when the solver is started from 50 random starting points instead of 3. The standard deviation denotes the standard deviation in the obtained value of the objective function.
RESULTS

CONCLUSIONS
In this study 50 challenging problems from the QAP-library were solved with some standard MINLP solvers from GAMS. The compared solvers were: AlphaECP, Bonmin, DICOPT and SBB. AlphaECP found good solutions for all the problems, but typically used the total solution time available before termination. Bonmin found a solution only for 13 problems, but 4 of them were better than any of the other solvers. DICOPT solved the problems significantly faster than the three other solvers, but was unable to significantly improve the solution quality when the solver was started from 50 random start points instead of 3. 
